wo 2013/126714 A2 |1} NF A1 0O 0000 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/126714 A2

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

29 August 2013 (29.08.2013) WIPO I PCT
International Patent Classification:
BOI1L 3/00 (2006.01)
International Application Number:
PCT/US2013/027341
International Filing Date:
22 February 2013 (22.02.2013)
Filing Language: English
Publication Language: English
Priority Data:
61/601,937 22 February 2012 (22.02.2012) Us (74)
Inventors; and
Applicants : EGAN, Michael [US/US]; 508 Georgetown
Road, Charlottesville, VA 22901 (US). ROOT, Brian (81)

[US/US]; 145 Woodgate Ct. Apt. 2A, Charlottesville, VA
22901 (US). SCOTT, Orion, N. [US/US]; 1113 East Jef-
ferson St.,, Apt. 2, Charlottesville, VA 22902 (US).
SOUTH, Douglas, J. [US/US]; 7320 Blanchard Drive,
Rockville, MD 20855 (US). BIENVENUE, Joan
[US/US]; 8801 General Griffins Ct., Fredericksburg, VA
22407 (US). KINNON, Paul [US/US]; Loma Larga Drive,
Solana Beach, CA 92075 (US). LANDERS, James

[US/US]; 633 Nettle Ct., Charlottesville, VA 22903 (US).
SAUL, David [NL/NL]; 37 Hill Road, Palm Beach,
Waiheke Island, NL-1081 Auckland (NL). TSUEI, An-
Chi [US/US]; 2703 Brookmere Road, Charlottesville, VA
22901 (US). HAYES, Jason [AU/AU]; 53 Armstrong
Road, Healthmont, Victoria, 3135 (AU). SPRINGER,
Matthew [AU/AU]; 114 Railway Place, West Melbourne,
Vigctoria, 3003 (AU). SOLOMON, Matthew [AU/AUJ; 2
Dumblane Street, Hughesdale, Victoria, 3166 (AU). VAN
RULJVEN, Peter [AU/AU]; Unit 3, 5 Garrison Drive,
Glen Waverley, Victoria, 3150 (AU).

Agents: KERN, John S. et al.; Oblon, Spivak, McClel-
land, Maier & Neustadt, L.L.P, 1940 Duke Street, Alexan-
dria, VA 22314 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,

[Continued on next page]

(34

Title: MICROFLUIDIC CARTRIDGE

(57) Abstract: A microfluidic cartridge can include at least one nucleic acid
analysis portion. Each nucleic acid analysis portion can include a fluidic net-

100

3 EXTRACTION
THERMAL |
MODULE
g 10
MICROFLUIDIC
CARTRIDGE
MCDULE
POWER 105 AM%LFF'{%A;{ON
MODULE MODULE
135 115
CARTRI
INTERFigi PRESSURE
MODULE MODULE |+
104 120
COMPUTING DETECTION HIGH VOLTAGE
MODULE MODULE Lol MODULE ||
140 130 125
CONTROLLER MODULE
145
FIG. 1

work being configured for micro-liter volumes or less, a sample input at the
beginning of the fluidic network, a plurality of vent ports and fluidic channels
in the fluidic network configured to effectuate hydrodynamic movement with-
in the fluidic network, an extraction mixture reservoir in the fluidic network,
a mixing chamber in the fluidic network, an amplification chamber in the flu-
idic network, and a separation channel in the fluidic network. A nucleic acid
analyzer can be capable of performing nucleic acid analysis using the micro-
fluidic cartridge. A nucleic acid analysis method can be performed using the
microfluidic cartridge.
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MICROFLUIDIC CARTRIDGE

CROSS-REFEFRENCE TO RELATED APPLICATION

[1] This application claims the benefit of U.S. Provisional Application No.
61/601,937, filed February 22, 2012. The disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND

[2] Genetic testing is used for various purposes, including forensic/identity

testing, paternity testing, diagnostic testing, disease screening, environmental monitoring,
food safety etc. Genetic testing relies on being able to analyze nucleic acids in a biological
sample. Accordingly, improvements in nucleic acid analysis will further enhance the utility
of genetic testing. In human identification-applications of genetic testing, such as forensic
applications, nucleic acid analysis can be used to provide near certain matching of a
biological sample to a person.
SUMMARY

[3] In embodiments, a microfluidic cartridge can include at least one nucleic
acid analysis portion. Each nucleic acid analysis portion can include a fluidic network being
configured for micro-liter volumes or less, a sample input at the beginning of the fluidic
network, a plurality of vent ports and fluidic channels in the fluidic network configured to
effectuate hydrodynamic movement within the fluidic network, an extraction mixture
reservoir in the fluidic network, a mixing chamber in the fluidic network, an amplification
chamber in the fluidic network, and a separation channel in the fluidic network. The sample
input can have a fitting that is configured to be mated to a complementary fitting of a sample
acceptor to form a fluid-tight seal. The extraction mixture reservoir can be configured to hold
an enzymatic mixture for performing nucleic acid extraction on a biological sample provided
by the sample acceptor. The mixing chamber can be configured to mix amplification
reagents and a portion of an extracted nucleic acid mixture. The amplification chamber can
be configured to hold an amplification mixture during nucleic acid amplification. The
separation channel can be configured to separate nucleic acid fragments.

[4] In embodiments, a nucleic acid analyzer can include a microfluidic cartridge
module configured to accept at least one microfluidic cartridge, a pressure module configured
to be coupled to the plurality of vent ports to effectuate hydrodynamic movement within the

flutdic network of the microfluidic cartridge, an extraction thermal module configured to
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impart temperatures to any of the microfluidic cartridge and a sample acceptor during nucleic
acid extraction, an amplification thermal module configured to impart temperatures to the
microfluidic cartridge during nucleic acid amplification, a high voltage module configured to
apply high voltages on the microfluidic cartridge, a power module configured to provide
operation powers to the nucleic acid analyzer, a detection module configured to detect labeled
or dyed nucleic acids, and a controller module. The controller module can be configured to
control the pressure module, the extraction thermal module, the amplification thermal module,
the high voltage module, the power module, and the detection module according to a control
procedure.

[5] In embodiments, a method for performing nucleic acid analysis can include
contacting an enzymatic mixture from an extraction mixture reservoir of a microfluidic
cartridge with a biological sample collected with a sample acceptor to obtain an extracted
nucleic acid mixture, mixing a portion of the extracted nucleic acid mixture with
amplification reagents in a mixing chamber of the microfluidic cartridge to obtain an
amplification mixture, amplifying template nucleic acid regions of nucleic acids in the
amplification mixture in an amplification chamber of the microfluidic cartridge to obtain an
amplified nucleic acid mixture, separating nucleic acid fragments in a portion of the
amplified nucleic acid mixture in a separation channel of the microfluidic cartridge, and
detecting the separated nucleic acid fragments within a detection region of the separation
channel of the microfluidic cartridge to generate nucleic acid analysis data for subsequent
processing by a nucleic acid analyzer.

BRIEF DESCRIPTION OF THE DRAWINGS

[6] Various exemplary embodiments will be described in detail with reference

to the following figures, wherein:

[7] Fig. 1 shows a block diagram of an exemplary nucleic acid analyzer;

[8] Fig. 2 shows a conceptual diagram of the functions performed by
embodiments of the microfluidic cartridge;

[9] Fig. 3 shows exemplary features for performing nucleic acid extraction;

[10] Fig. 4 shows a plurality of exemplary sample acceptors fluidically coupled
to an exemplary microfluidic cartridge;

[11] Fig. 5 shows another view of the plurality of exemplary sample acceptors
fluidically coupled to the exemplary microfluidic cartridge shown in Fig. 4;

[12] Fig. 6 shows a portion of an exemplary nucleic acid analyzer that includes

an extraction thermal module;
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[13] Fig. 7 shows exemplary features for performing nucleic acid amplification;
[14] Fig. 8 shows exemplary features of a loadable reservoir;

[15] Fig. 9 shows exemplary features for performing nucleic acid separation;

[16] Fig. 10 shows an exemplary microfluidic cartridge and an exemplary sealing

layer to be applied over at least a major portion of the microfluidic cartridge;

[17] Fig. 11 shows an exemplary frangible seal within a fluidic channel;

[18] Fig. 12 shows a schematic of an exemplary microfluidic cartridge that
combines various features for nucleic acid extraction, nucleic acid amplification, and nucleic
acid separation;

[19] Fig. 13 shows a top view schematic of a nucleic acid analysis portion of the
exemplary microfluidic cartridge shown in Fig. 12;

[20] Fig. 14 shows a bottom view schematic of a nucleic acid analysis portion of
the exemplary microfluidic cartridge shown in Fig. 12;

[21] Fig. 15 shows a flow chart outlining an exemplary process for using a
nucleic acid analyzer to perform nucleic acid analysis; and

[22] Fig. 16 shows a flow chart outlining an exemplary on-cartridge process for a
microfluidic cartridge operably coupled to a nucleic acid analyzer.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[23] Fig. 1 shows a block diagram of an exemplary nucleic acid analyzer 100. As

shown, the nucleic acid analyzer 100 can include a microfluidic cartridge module 105, a
cartridge interface module 104, an extraction thermal module 110, an amplification thermal
module 115, a pressure module 120, a high voltage module 125, a detection module 130, a
power module 135, a computing module 140, and a controller module 145. The modules can
be operably connected as shown in Fig. 1. In embodiments, the modules can also be
combined or more than one of each module may be present in a nucleic acid analyzer.

[24] The nucleic acid analyzer 100 is capable of performing nucleic acid analysis
using a microfluidic cartridge. The nucleic acid analyzer 100 can be operated to perform
nucleic acid analysis by a user without the need for substantial experience with and
knowledge of the processes used to perform nucleic acid analysis. For example, the
appropriate procedures for using the nucleic acid analyzer 100 can be learned in an hour or
less. The nucleic acid analyzer 100 is designed to use liquid volumes on the order of micro-
liters or less. By using micro-liter liquid volumes, nucleic analysis can be performed in
reduced time as compared to time-intensive nucleic acid analysis currently in use. In

embodiments, nucleic acid analysis can be performed in less than two hours.
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[25] The microfluidic cartridge module 105 is configured to accept one or more
microfluidic cartridges (not shown). The cartridge interface module 104 is configured to
operably couple the microfluidic cartridge module 105 to the other modules. In an
embodiment, some of the other modules, such as the detection module 130, the extraction
thermal module, the amplification thermal module 115, and the like, can be integrated in the
cartridge interface module 104. The microfluidic cartridge can include a micro-to-macro
interface and features that allow the microfluidic cartridge to be acted upon by other
components of the nucleic acid analyzer 100. The microfluidic cartridge can be a disposable
cartridge, such as a single-use cartridge. In general, microfluidic cartridges can include
various features for performing any of nucleic acid extraction, nucleic acid amplification, and
nucleic acid separation. Defined within the microfluidic cartridge is a fluidic network formed
from fluidic channels, fluidic chambers and/or reservoirs, and other features for performing
nucleic acid extraction, nucleic acid amplification, and/or nucleic acid separation. The
microfluidic cartridge can be constructed from any suitable material. As examples, the
microfluidic cartridge can be constructed from a plastic, polymeric material, glass, and the
like. Additionally, the microfluidic cartridge can be constructed from multiple types of
materials.

[26] The extraction thermal module 110 is configured to impart suitable
temperatures for nucleic acid extraction. The extraction thermal module 110 can be
controlled by the controller module 145. The extraction thermal module 110 can be coupled
to a cartridge or a sample acceptor during nucleic acid extraction. The extraction thermal
module 110 can perform contact and/or non-contact thermal heating. In an example, the
extraction thermal module 110 includes one or more contact heating units. Heating with the
extraction thermal module can facilitate the extraction of nucleic acids with thermophilic
enzymes.

[27] The amplification thermal module 115 is configured to impart suitable
temperatures to the microfluidic cartridge during nucleic acid amplification. The
amplification thermal module 115 can be controlled by the controller module 145. In
embodiments, the amplification thermal module 115can be configured to impart thermal
gradients and perform temperature sensing in a thermal cycling process in anamplification
chamber of the microfluidic cartridge.The amplification thermal module 115 can perform
contact and/or non-contact thermal heating. In an example, the amplification thermal module
115 includes a non-contact heating unit, such as an infrared light source. The infrared light

source can be a halogen light bulb. Further, the amplification thermal module 115 can
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include a temperature sensing unit. In an embodiment, the temperature sensing unit is an
infrared pyrometer that measures blackbody radiation to determine the temperature of a
selected portion of the microfluidic cartridge. Further, in embodiments, a single thermal
module can be configured to impart temperature changes for both extraction and
amplification, as necessary, using the same heating means.

[28] The pressure module 120 is operably coupled to the microfluidic cartridge
by, for example, the micro-to-macro interface. The pressure module 120 can be controlled by
the controller module 145. The pressure module 120 is configured to provide pressures
and/or vacuums (i.e., positive and/or negative pressures) to the microfluidic cartridge to move
fluid within a fluidic network of the microfluidic cartridge. In other words, the pressure
module 120 can effectuate hydrodynamic movement using, for example, pneumatic pressure
in the microfluidic cartridge. In an embodiment, the pressure module 120 is coupled to one
or more clusters of vent ports on the microfluidic cartridge at the micro-to-macro interface.
The pressure module 120 can connect a solenoid manifold to the plurality of vent ports of the
microfluidic cartridge at the micro-to-macro interface. The pressure module 120 can impart
pressure to each vent port independently to move fluid through the fluidic network in the
microfluidic cartridge. In an embodiment, the microfluidic cartridge has one or more valves
that are configured to be actuated by the pressure module 120. The pressure module 120 can
include a pressure/vacuum system, such as a pneumatic pressure/vacuum system, to suitably
control hydrodynamic movement in the fluidic network of the microfluidic cartridge.

[29] The power module 135 generates various operation powers for various
components of the nucleic acid analyzer 100. In an example, the nucleic acid analyzer 100 is
implemented using a modular design. Each module of the nucleic acid analyzer 100 requires
an operation power supply, which can be different from the other modules. The power
module 135 can receive an AC power input, such as 100-240 V, 50-60 Hz, single phase AC
power from a power outlet. The power module 135 can use the AC power input to generate 5
V, 12V, 24 V, and the like, to provide operation powers for the various components of the
nucleic acid analyzer 100. In other embodiments, the power module 135 can be a battery.

[30] The power module 135 also imparts power to the high voltage module 125
as required for nucleic acid processes on the microfluidic cartridge, such as electrophoretic
separation. The power module 135 can implement various protective functions, such as
power outage protection, graceful shut-down, and the like, to protect the vartous components

and data against power failure. In an embodiment, the power module 160 includes a back-up
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power, such as a battery module, to support one or more protective functions, such as
graceful shut-down.

[31] The high voltage module 125receives power from the power module 160
and generates high voltages such as 1000 V, 2000 V, and the like, required for nucleic acid
processes on the microfluidic cartridge, such as electrophoretic separation. The high voltage
module 125 can apply the high voltages to the microfluidic cartridge under control of the
controller module 145. For example, the high voltage module 140 includes an interface that
applies the high voltages to electrodes on the microfluidic cartridge to induce electro-kinetic
injection and/or electrophoretic separation.

[32] The detection module 130 includes components configured to detect labeled
or dyed nucleic acids. The detection module 130 can be controlled by the controller module
145. In an embodiment, the detection module 130 is configured for fluorescence detection,
such as multicolor fluorescence detection. The detection module 130 can include a laser
source unit, an optical unit and a detector unit. The optical unit includes a set of optics. In an
embodiment, the optical unit includes a self-calibrating array of confocal optical components.
The laser source unit emits a laser beam. In an example, the laser source unit includes an
argon-ion laser unit. In another example, the laser source unit includes a solid state laser,
such as a coherent sapphire optically pumped semiconductor laser unit. The solid state laser
has the advantages of reduced size, weight and power consumption.

[33] In operation, the set of optics can direct the laser beam to penetrate a
detection region of a separation channel in the microfluidic cartridge. The laser beam can
excite fluorescent molecules attached to nucleic acids to emit fluorescence. The set of optics
can then collect and direct the emitted fluorescence to the detector unit for detection. The
detector unit can convert the detected fluorescence into data for subsequent processing by the
computing module 140. An exemplary detection technique is disclosed by co-pending U.S.
Application No. 13/273,947 entitled, "Micro Fluidic Optic Design," which 1s hereby
incorporated herein by reference in its entirety.

[34] The computing module 140 includes computing and communication units.
The computing module 140 is operably coupled to the controller module 180. The
computing module 140 can provide a user interface. The user interface can provide the status
of the nucleic acid analyzer 100 and can receive user instructions for controlling the operation
of the nucleic acid analyzer 100. The computing module 140 includes various storage media
to store software instructions and data. The computing module 140 can include nucleic

analysis software that can perform data processing based on raw data obtained from the
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detection module 130. In addition, the computing module 140 can be coupled to external
processing units, such as a database, a server, and the like to further process the data obtained
from nucleic acid analysis.

[35] The controller module 145 can receive status signals and feedback signals
from the various components and provide control signals to the various components
according to a nucleic acid analysis procedure. In addition, the controller module 145 can
provide the status signals to the computing module 140 to inform a user of the status of
nucleic acid analysis. Further, the controller module 145 can receive user instructions from
the computing module 140 and can provide control signals to the various components based
on user instructions.

[36] Fig. 2 shows a conceptual diagram of the functions performed by
embodiments of the microfluidic cartridge. The microfluidic cartridge includes various
features for performing nucleic acid extraction 210, nucleic acid amplification 220, and/or
nucleic acid separation 230. Nucleic acids include DNA and RNA. In an example,
extraction, amplification, and separation are performed solely to analyze DNA. In another
example, RNA is analyzed by, for example, extracting RNA, reverse transcribing RNA and
amplifying the resulting cDNA, and separating the DNA. Importantly, in embodiments, no
additional purification feature is required between features for performing nucleic acid
extraction 210 and nucleic acid amplification 220.

[37] Nucleic acid extraction 210 is performed on a biological sample. Examples
of biological samples that contain nucleic acids include saliva, blood, fecal, and urine
samples. To extract the nucleic acids from the biological sample, other components of the
cell must be inactivated and/or degraded. Nucleic acid extraction 210 can be carried out by
contacting the biological sample with an enzymatic mixture. The enzymatic mixture can be a
liquid-phase mixture. The enzymatic mixture can enzymatically digest proteins and other
cellular interferences in the biological sample, with the exception of nucleic acids. In an
embodiment, the enzymatic mixture includes thermostable proteinases. The thermostable
proteinases can be from thermophilic Bacillus species. For example, a liquid phase mixture
including thermostable proteinases from thermophilic Bacillus species is disclosed in U.S.
Patent Application Publication No. 2004/0197788, which is incorporated herein by reference
in its entirety. In an embodiment, the enzymatic mixture performs nucleic acid extraction
when a sample collection portion (e.g., in the form of a swab) of a sample acceptor holding a
biological sample is contacted by the enzymatic mixture. In an example, a final nucleic acid

concentration of the resulting extracted nucleic acid mixture is in a range of 0.5-20 ng/uL.
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[38] Nucleic acid extraction 210 can be followed by nucleic acid amplification
220 without additional treatment of the extracted nucleic acid mixture. Specifically, a portion
of the extracted nucleic acid mixture can be mixed with amplification reagents to perform
nucleic acid amplification 220 without additional purification steps. The enzymatic nucleic
acid extraction procedure described herein can generate sufficiently clean nucleic acid
solutions to proceed with amplification. The nucleic acid solutions may contain species that
are sufficiently broken down so that they do not interfere with subsequent reactions.

[39] Nucleic acid amplification 220 can follow nucleic acid extraction 210.
Nucleic acid amplification 220 is performed on template nucleic acid regions (sequences) in
an extracted nucleic acid mixture. Nucleic acid amplification 220 can be performed by
polymerase chain reaction (PCR), among other amplification techniques. To perform PCR,
DNA having one or more template regions is mixed with suitable PCR reagents. PCR
reagents include a DNA polymerase, nucleotides, and primers (oligonucleotides) that contain
sequences complementary to the template DNA sequences. The polymerase enzymatically
produces a new DNA strand from the template DNA by using the template DNA to guide
synthesis of the new DNA strand through the extension of the primers by incorporating
nucleotides at the end of the primers. The primers can be tagged with labels to generate
Jabeled synthesized DNA strands after amplification. In other embodiments, the synthesized
DNA strands can be tagged with labels during PCR by, for example, using labeled
nucleotides to synthesize the DNA strands. The labels can be fluorescent labels.
Fluorescents labels emit fluorescence of known wavelengths when excited by a laser beam.
PCR requires thermal cycling. Thermal cycling is the repeated heating and cooling of the
PCR mixture, including the PCR reagents and template DNA. Thermal cycling is conducted
to melt the DNA, hybridize the primers to the template DNA, and to perform enzymatic
replication of the template DNA regions. As PCR progresses, the DNA generated is itself
used as template DNA for replication in succeeding cycles. Thus, PCR is a chain reaction
that exponentially amplifies the template DNA regions. Amplification results in an amplified
nucleic acid mixture.

[40] Nucleic acid separation 230 can follow nucleic acid amplification 220.
Nucleic acid separation 230 is performed to separate nucleic acid fragments in a nucleic acid
mixture, such as an amplified nucleic acid mixture, and can enable detection and analysis of
the nucleic acid fragments. In embodiments, electrophoresis can be used to separate the
nucleic acid fragments by size. In electrophoresis, nucleic acid fragments are subjected to an

electric field to force the nucleic acid fragments through a sieving medium. The nucleic acid
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fragments migrate by force of the electric field at different speeds based on size. An electric
field induces a nucleic acid fragment to migrate due to the net negative charge of the sugar-
phosphate backbone of the nucleic acid fragment. The sieving medium can be a polymer
matrix formed from a polymer solution. As examples for forming such a matrix, suitable
polymer solutions are disclosed in U.S. Patent Nos. 8,207,258, 8,017,682, 7,862,699,
7,531,073, 7,399,396, 7,371,533, 7,026,414, 6,811,977 and 6,455,682, which are
incorporated herein by reference in their entireties. In an example, a sieving polymer matrix
can be used to yield single-base resolution. During or after separation, the DNA fragments
can be detected and analyzed.

[41] Fig. 3 shows exemplary features for performing nucleic acid extraction that
can be included within a microfluidic cartridge 300. As shown, the microfluidic cartridge
300 can be provided with an extraction mixture reservoir 310 in fluid communication with a
sample input 320. Other features for performing nucleic acid extraction may be provided off-
cartridge. In an embodiment, the off-cartridge features include a sample acceptor 330 and an
extraction thermal module 340. In an example, the sample acceptor 330 and the extraction
thermal module 340 are coupled together. The extraction mixture reservoir 310 is configured
to hold the enzymatic mixture for performing nucleic acid extraction. In embodiments, the
extraction mixture reservoir is configured to hold from about 25 pl to about 500 pl, such as
from about 200ul to about 250 pul or about 225 pl, of the enzymatic mixture. The enzymatic
mixture is provided to or pre-loaded in the extraction mixture reservoir 310.

[42] In use, the sample acceptor 330 is coupled with the sample input 320 such
that the extraction mixture reservoir 310, the sample input 320, and the sample acceptor 330
are in fluid communication. The sample acceptor 330 presents a previously-collected
biological sample for nucleic acid extraction. In embodiments, the minimal amount of
biological material required to be presented is about 100 cells. The enzymatic mixture can be
provided from the extraction mixture reservoir 310 to the sample acceptor 330 in order to
initiate nucleic acid extraction. To aid enzymatic digestion, the enzymatic mixture can be
moved in a back-and-forth motion within the sample acceptor 330 and the extraction mixture
reservoir 310. The extraction thermal module 340 can heat the enzymatic mixture to promote
enzymatic digestion of cellular components other than nucleic acids. Extraction can be
performed at a first temperature. Enzymes of the enzymatic mixture can be inactivated at a
second higher temperature to conclude nucleic acid extraction. In an example, nucleic acid
extraction is performed at 75°C for 10 minutes to extract the nucleic acids through enzymatic

digestion. Then, the heat is increased and held at 95°C to inactivate the enzymes in the
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enzymatic mixture. In such an example, the enzymes include thermostable proteinases that
functional at 75°C, but that are inactivated at higher temperatures, such as 95°C. Upon
completion of enzymatic digestion, the resulting extracted nucleic acid mixture can be
received by and stored in the extraction mixture reservoir 310 for further processing. The
extraction mixture reservoir 310 can have one or more fluidic channels (not shown)
branching from the extraction mixture reservoir 310 to provide the extracted nucleic acid
mixture to other portions of the microfluidic cartridge through a fluidic network.

[43] Figs. 4 and 5 show a plurality of exemplary sample acceptors 400 fluidically
coupled to a plurality of exemplary sample inputs 405 formed on an outer surface 410 of an
exemplary microfluidic cartridge 415. As shown, each sample input 405includes a portion
surrounding an opening that protrudes from the outer surface 410 of the microfluidic
cartridge 415. In Figs. 4 and 5, four sample acceptors 400 are fluidically coupled to four
sample inputs 405 of the microfluidic cartridge 415. In other embodiments, the microfluidic
cartridge 415 can include less than four sample inputs 405, including a single sample input
405, or more than four sample inputs 405 for fluidically coupling the same number of sample
acceptors 400. The sample inputs 405, as well as the sample acceptors 400, can be of the
same of different types. As shown, the sample acceptors 400 and the sample inputs 405are of
the same type. Alternatively, one or more of the sample acceptors 400 and the sample inputs
405 can be of different types.

[44] As further shown, each sample acceptor 400 includes an input-matable
portion 420, an acceptor portion 425, and a detachable portion 430 for sample collection.

The input-matable portion 420is at one end of the acceptor portion 425. The acceptor portion
425is in the form of a barrel similar to a syringe barrel. The input-matable portion 420 can be
configured to be coupled to the sample input 405 to form a fluid-tight seal. The input-
matable portion 420 and the sample input 405 can be based on any small-scale fluid fitting
system.In embodiments, the input-matable portion 420 and the sample input 405each have a
universal connector selected from the group consisting of Luer-Lok connectors, threaded
connectors, and flanged connectors.For example, the input-matable portion 420 and the
sample input 405 can be based on a Luer-Lok fitting system. In an embodiment, the sample
input 405is threaded such as to be a female Luer-Lok fitting and the input-matable portion
420is based on a complementary male Luer-Lok fitting that has an inner flange configured to
fit inside the opening of the sample input 405 and a second outer flange that is threaded and
configured to be screw-fitted onto the threaded sample input 405.

10
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[45] The detachable portion 430 is configured to be removed from the acceptor
portion 425 to collect a biological sample and again coupled to the acceptor portion 425 after
collection of the biological sample has been completed. To effectuate removable coupling,
the detachable portion 430includes a flanged grip 435. The flanged grip 435 can be
configured to be reversibly coupled to a complementary end of the acceptor portion 425.
Extending from the flanged grip 435is an elongated member 440 that includes a sample
collection portion 445. The sample collection portion 445 can be in the form of a swab.

[46] Nucleic acid extraction can be performed when the microfluidic cartridge
415 is coupled to a pressure module of a nucleic acid analyzer. The pressure module can
provide positive and/or negative pressure to force an enzymatic mixture from an extraction
mixture reservoir of the microfluidic cartridge 415 into the sample acceptor 400 in order to
perform nucleic acid extraction on a biological sample presented by the sample acceptor 400.
To aid enzymatic digestion, the pressure module, through positive and/or negative pressure,
can move the enzymatic mixture in a back-and-forth motion within the sample acceptor 400
and the extraction mixture reservoir of the microfluidic cartridge 415. The flanged grip 435
of the sample acceptor 400 can be gas permeable to permit gas (e.g., air) to exit the sample
acceptor 400. As shown, the sample acceptor 400 is made gas permeable by including
openings 450 defined in the flanged grip 435.

[47] The microfluidic cartridge 415 can include a vent port in fluid
communication with the extraction mixture reservoir, which can place the pressure module in
serial fluid communication with the sample acceptor 400 through the extraction mixture
reservoir and the sample input 405. In embodiments, the pressure module applies positive
and/or negative pressure to the distal end of the extraction mixture reservoir to force a
volume of the enzymatic mixture through the sample input 405 into the sample acceptor 400,
where the enzymatic mixture can submerge the biological sample presented on the sample
collection portion 445 of the sample acceptor 400. The pressure module, under control of a
controller module, can then force the enzymatic mixture and dissolved biological sample
back into the extraction mixture reservoir. The pressure module can revert at least a major
portion of the enzymatic/biological sample mixture back into the sample acceptor 400. This
back-and-forth motion can be continued by operation of the pressure module using positive
and/or negative pressure, such as pneumatic pressure, and discontinued once nucleic acid
extraction is completed. The turbidity associated with the back-and-forth motion can aid

nucleic acid extraction and can produce a well-mixed solution of extracted nucleic acids.
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(48] During nucleic acid extraction, the sample acceptor 400 can be coupled to an
extraction thermal module of a nucleic acid analyzer. As discussed above, the extraction
thermal module can heat the enzymatic mixture to promote enzymatic digestion of cellular
components (other than nucleic acids) of the biological sample presented by the sample
acceptor 400.

[49] Fig. 6 shows a portion of an exemplary nucleic acid analyzer 600 that
includes an extraction thermal module 610. As shown, sample acceptors 400 are received by
the nucleic acid analyzer 600 such that they are operably coupled to the extraction thermal
module 610. The extraction thermal module 610 can heat the sample acceptors 400 by
contact heating.

[50] Fig. 7 shows exemplary features for performing nucleic acid amplification
on template nucleic acid regions in an extracted nucleic acid mixture. As shown, on-cartridge
features included within a microfluidic cartridge 700 include an amplification reagent
reservoir710, a mixing chamber 720, and an amplification chamber 730. In this example, the
amplification reagent reservoir710, the mixing chamber 720, and the amplification chamber
730 are in serial fluid communication. However, other types of fluid communication are
possible. The amplification reagent reservoir710 holds amplification reagents for performing
a nucleic acid amplification reaction. In an embodiment, the amplification reagents are PCR
reagents, including a DNA polymerase, nucleotides, and primers. The amplification reagents
can be contained in more than one amplification reagent reservoir710. In an embodiment, the
DNA polymerase is contained in a separate amplification reagent reservoir710 from the
primers and nucleotides.

[51] During operation, the amplification reagents are provided to the mixing
chamber 720. A portion of an extracted nucleic acid mixture is also provided to the mixing
chamber 720. In this embodiment, the extracted nucleic acid mixture portion is provided to
the mixing chamber 720 using the same fluidic channel as used to provide the amplification
reagents to the mixing chamber 720. In embodiments, the extracted nucleic acid mixture
portion is from about 1 pl to about 50 pl, such as from about 25 ul to about 35 pl or about 30
ul. The extracted nucleic acid mixture portion can be mixed with the amplification reagents
in a ratio of from 0.1:1 to 1:1 or from 1:1 to 1:0.1 depending on the concentrations of the
reagents. The total volume of the extracted nucleic acid mixture portion and the
amplification reagents can be from about 25 ul to about 100 pl. Theextracted nucleic acid
mixture portion and the amplification reagents can be prevented from mixing until they reach

the mixing chamber 720 by moving the extracted nucleic acid mixture portion and the
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amplification reagents in discrete volumes. The discrete volumes can be physically separated.
For instance, because the extracted nucleic acid mixture portion and the amplification
reagents are in liquid volumes, the liquid volumes can be kept physically separate by moving
another fluid, such as air, in between the liquid volumes. In an alternative embodiment, the
extracted nucleic acid mixture portion can be provided to the mixing chamber using a
different fluidic channel.

[52] In the mixing chamber 720, the extracted nucleic acid mixture portion
containing the extracted nucleic acids and the amplification reagents are mixed. The mixing
chamber can hold a total solution volume greater than the total solution volume to be
introduced. This design allows space for air bubbles to rise from the fluid surface to the top
of the chamber and the contained gas (e.g., air) can escape through a fluidically-coupled vent.
The dimensions of the mixing chamber 720 can be further optimized for the escape of
bubbles. For example, the vent can be configured on the opposite end of an elongated,
chamber from the input channels where fluid is introduced. The input channels in fluid
communication with the mixing chamber 720 may be in a perpendicular orientation to the
long side of the mixing chamber 720 so as to promote turbidity among the introduced fluids.
In other words, the mixing chamber 720 can be configured to have a liquid mixing portion
and a gas vent portion above the liquid mixing portion. The gas vent portion can be above
each fluidic channel in communication with the mixing chamber 720. Each fluidic channel in
communication with the mixing chamber 720 can interface with the mixing chamber 720 at
the bottom portion of the mixing chamber 720 to prevent bubble development and generate a
rising fluid level that pushes bubbles to the gas vent portion. In an embodiment, the mixing
chamber 720 includes a hydrophobic surface that repels aqueous liquid away from the gas
vent portion. Thus, the hydrophobic surface can protect against the extracted nucleic acid
mixture portion or amplification reagents from entering or being retained in the gas vent
portion. The hydrophobic surface can function as a barrier separating the liquid mixing
portion and the gas vent portion. The hydrophobic surface can have non-uniform geometries,
heights, levels, and/or areas on the mixing chamber surface. Alternatively, the hydrophobic
surface can be uniform.

[53] The extracted nucleic acid mixture portion and the amplification reagents are
provided to and mixed in the liquid mixing portion of the mixing chamber 720 to obtain an
amplification mixture. Using features discussed above, the mixing chamber 720 can be
configured to disrupt the laminar flow of the extracted nucleic acid mixture portion and the

amplification reagents as they enter the mixing chamber 720. Laminar flow disruption can
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cause mixing of the amplification reagents and the extracted nucleic acid mixture portion to
obtain the amplification mixture. Gas, such as air, released during mixing of the extracted
nucleic acid mixture portion and the amplification reagents can be released from the liquid
mixing portion to the gas vent portion of the mixing chamber 720. From the gas vent portion,
gas can be released from the microfluidic cartridge 700 though a channel in fluid
communication with the mixing chamber 720. The fluidic channel for gas release can be a
dedicated channel for this purpose or can be a non-exclusive channel that is used for other
purposes. A gas vent outlet can be at the end of the fluidic channel to allow the gas to escape
into the environment outside the microfluidic cartridge 700. By venting gas, the mixing
chamber 720 can protect against bubbles being present in the amplification mixture during
further processing of the sample. The mixing chamber 720 is in fluid communication with
the amplification chamber 730.

[54] The amplification chamber 730 is configured for nucleic acid amplification.
In embodiments, the amplification chamber 730 is used to perform PCR. To perform PCR,
the amplification chamber 730 can be configured for thermal cycling from an amplification
thermal module 740. In an embodiment, the amplification thermal module 740 includes a
heating unit configured to perform non-contact or contact heating. As an example, the
heating unit is an infrared light source for non-contact heating. The amplification thermal
module 740 can include a temperature sensing unit. In an embodiment, the temperature
sensing unit is an infrared pyrometer. To improve pyrometer sensing accuracy, the
amplification chamber 730 can include a thinner portion for infrared pyrometer
measurements. The infrared pyrometer measurements at the thinner portion can more
accurately reflect the temperature of liquid within the amplification chamber 730. Thermal
cycling requires cooling. Thus, the amplification chamber 730 can be configured through
material choice to perform rapid cooling when not being heated. In such embodiments, the
amplification thermal module 740 does not need a cooling unit to cool the amplification
chamber 730. Alternatively, the amplification thermal module 740 can include a cooling unit
to perform cooling. As an example, the cooling unit is a cooling fan. In another embodiment,
the cooling unit is a compressed air outlet.

[55] During operation, the amplification mixture is provided to the amplification
chamber 730. In embodiments, the amplification mixture provided to the amplification
chamber 730 has a volume of from about 100 pl to about 5 ul, such as from about 500 pl to
about 1.5 ul or about 1 pl. The amplification mixture can have laminar flow as it is provided

to the amplification chamber 730 from a fluidic channel exiting the mixing chamber 720. In
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the amplification chamber 730, the amplification mixture is placed under reaction conditions
to amplify template nucleic acid regions (sequences). As an example, the amplification
mixture is thermal cycled to perform PCR. During amplification, the amplified nucleic acids
can be tagged with labels, such as fluorescent labels. After amplification, the resulting
amplified nucleic acid mixture is available for further processing.

[56] Fig. 8 shows exemplary features of a loadable reservoir that can be included
within a microfluidic cartridge 800. As shown, the microfluidic cartridge 800 includes a
reagent reservoir 805 that can be loaded with a reagent solution for performing nucleic acid
analysis. The reagent reservoir 805 can be configured to hold any of extraction, amplification,
and separation reagents. For example, the reagent reservoir 805is an amplification reagent
reservoir as discussed above. The reagent reservoir 805 is in fluid communication with one
or more fluidic channels 810 that lead to other portions of a fluidic network of the
microfluidic cartridge 800. One or more (e.g., two) seals 815are positioned in the one or
more (e.g., two) fluidic channels 810 to block the reagent solution from entering or
prematurely entering other portions of the fluidic network. The seals 815 can be non-
reusable (one-time) or reusable seals and each seal 815 can be of a different type. In
embodiments, the seals 815 are frangible seals that can be broken by pressure supplied from a
pressure module of a nucleic acid analyzer. The seals 8§15 can be broken in order to move the
reagent solution to another portion of the fluidic network of the microfluidic cartridge 800
and/or to bring the reagent solution under hydrodynamic control of a pressure module of a
nucleic acid analyzer. The microfluidic cartridge 800 further includes one or more (e.g., two)
bypass fluidic channels 820 in fluid communication with the reagent reservoir 805. The
bypass fluidic channels 820 merge with the fluidic channels 810 at junctions 825. A port
830is in fluid communication with each bypass channel 820 at the other end of the bypass
channel 820. One of the ports 830 can be designated as a filling port and the other of the
ports 830 can be designated as a gas outlet. At least the filling port 830 can be configured to
be fluidically coupled to an off-cartridge store of the reagent solution to be loaded in the
reagent reservoir 805.

[57] The reagent reservoir 805 can be loaded with the reagent solution by
providing the reagent solution to the reagent reservoir 8§05 through one of the ports 830 and
the associated bypass fluidic channel 820. Gas (e.g., air) present in the reagent reservoir 805
(and the filling port 830 and the associated bypass channel §20) that is displaced during
loading of the reagent solution can be expelled out of the reagent reservoir 805through the

other bypass fluidic channel 8§20 and the associated gas outlet port 830. The gas outlet port
15



WO 2013/126714 PCT/US2013/027341

830 can be open to the environment outside the microfluidic cartridge 800 during reagent
loading to permit gas to be expelled from the microfluidic cartridge 800. After loading, a
sealing member (not shown), such as an adhesive film, can be placed over the ports 830 to
protect against contamination. The sealing member can be air-permeable, but not liquid-
permeable. The sealing member can be hydrophobic. In embodiments, the sealing member
is made from a pressure-sensitive adhesive (PSA) polymer.

[58] Fig. 9 shows exemplary features for performing nucleic acid separation that
can be included within a microfluidic cartridge 900. The on-cartridge features include a
separation channel 910. The separation channel 910 can be filled with, for example, a sieving
polymer matrix. The sieving polymer matrix can be formed by providing a sieving polymer
to the separation channel 910 before nucleic acids are provided to the separation channel 910
for separation. In an embodiment, a nucleic acid mixture, such as a portion of an amplified
nucleic acid mixture, can be provided to the separation channel 910. A high voltage module
920 applies high voltage to electrodes (not shown) on the microfluidic cartridge 900 to induce
electro-kinetic injection and/or electrophoretic separation. As shown, a T-junction 930 is
provided at the beginning of the separation channel 910. The nucleic acid mixture can be
provided to the beginning of the separation channel 910 by electro-kinetic injection of a
portion of the amplified nucleic acid mixture through a fluidic channel 940.

[59] Before being provided to the separation channel 910, the nucleic acid
mixture (or a portion thereof) can be diluted or mixed with one or more separation reagent
solutions, such as any of an internal control solution, a dilution solution, and a buffer solution,
to improve nucleic acid separation. The nucleic acid mixture (or portion thereof) can be
mixed with the separation reagents in a ratio of about 1:1 to about 1:100, such as from about
1:10 to about 1:30 or about 1:15, depending on the concentrations of the reagents. As an
example, the nucleic acid mixture can be mixed with an internal control solution that includes
an internal lane standard (ILS). The ILS can be used to better ensure accurate size
measurements of the nucleic acid fragments. The ILS includes nucleic acids of known size
that are used as controls. The internal control solution can also include formamide for
denaturing nucleic acids to promote separation. As another example, the nucleic acid mixture
can be mixed with an aqueous dilution solution to reduce the ionic strength of the nucleic
acid mixture. In order to detect and analyze the separated nucleic acid fragments, the nucleic
acid fragments can be labeled prior to separation. The nucleic acid fragments can be labeled
during amplification, such as with fluorescent labels. Alternatively, the nucleic acid

fragments can be labeled after amplification but prior to separation by mixing the nucleic acid
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fragments with a dye, such as an intercalating dye (e.g., ethidium bromide). The dye can be
included in the internal control solution or another solution.

[60] Once the nucleic acid mixture, such as a portion of an amplified nucleic acid
mixture mixed with separation reagents, is provided to the separation channel 910, the
nucleic acid fragments within the mixture can be separated. In an embodiment, nucleic acid
separation is performed by electrophoresis such that nucleic acid fragments are separated by
size. In electrophoresis, the nucleic acid fragments migrate by force of the electric field at
different speeds based on the sizes of the nucleic acid fragments. During separation, the
separated nucleic acid fragments can be detected through observation of the detection region
950 of the separation channel 910. The detection region 950 can include a detection window
configured to enable detection by a laser beam. A detection module 960 is operably coupled
to the detection region 950. The detection module 960 can emit a laser beam. The laser
beam can be directed to the detection region 950 to excite fluorescent molecules associated
with the nucleic acid fragments as they pass through the detection region 950 during nucleic
acid separation.

[61] Fig. 10 shows an exemplary microfluidic cartridge 1000 and an exemplary
sealing layer 1010 to be applied over at least a major portion of the microfluidic cartridge
1000. Broadly, the microfluidic cartridge can include one or more sample inputs 1020, one
or more fluidic networks 1030, and one or more vent port areas 1040. As shown, four sample
inputs 1020, fluidic networks 1030, and vent port areas 1040 are defined in the microfluidic
cartridge 1000. The sample inputs 1020 can be configured for fluidic coupling of sample
acceptors. The fluidic network 1030 can include features for performing any of nucleic acid
extraction, amplification, and separation. Each vent port area 1040 includes a plurality of
vent ports that can be configured for coupling to a pressure module of a nucleic acid analyzer
to provide hydrodynamic control over liquid within the fluidic networks 1030 during nucleic
acid analysis.

[62] The sealing layer 1010 is applied over at least the fluidic networks 1030 of
the microfluidic cartridge 1000 to provide a top layer over fluidic network features, including
channels, reservoirs, and chambers. In embodiments, the sealing layer 1010 is applied over
the sample inputs 1020 and the fluidic networks 1030 or over the entirety of the microfluidic
cartridge 1000. The sealing layer 1010 can be in the form of a film and can be pliable. The
sealing layer 1010 can be adhered to the surface of the microfluidic cartridge 1000 by heat-
driven lamination. In an embodiment, there are two sealing layers that are respectively

applied over the top and the bottom of the microfluidic cartridge 100.
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[63] The pressure module of the nucleic acid can be configured to independently
apply positive and/or negative pressure to individual vent ports to effectuate hydrodynamic
movement in performing nucleic acid analysis. Each vent port can be in fluid communication
with a discrete feature in the fluidic network 1030 such as to control hydrodynamic
movement of liquid with respect to such feature. The vent ports can be coupled to the
pressure module through a micro-to-macro interface. The vent ports can be covered with a
covering (not shown) that permits the passage of gas (e.g., air) while preventing the passage
of liquid. As shown, the vent port areas 1040 are provided on one side of the microfluidic
cartridge 1000. Although not necessary, this can generally provide minimal complexity in
the micro-to-macro interface with the pressure module of the nucleic acid analyzer. The
sealing layer 1010 can also be used to form frangible seals within the fluidic networks 1030.

[64] Fig. 11 shows an exemplary frangible seal 1100. As shown, the frangible
seal 1100 is formed from a depression 1110 defined within a fluidic channel 1120. The
depression 1110 has a depth that is greater than the depth of the fluidic channel 1120.
However, the depression 1110 can have a depth that is less than the depth of an adjacent
reagent reservoir or other chamber. A sealing layer portion 1130 is extended into the
depression 1110 such that the sealing layer portion 1130 contacts and is adhered to the base
of the depression 1110.

[65] The frangible seal 1100 can be configured to have a predetermined
resistance against fluid flow. Fluid flow resistance can be determined by the depth and width
of the depression 1110. In general, the frangible seal 1110 has weaker fluid flow resistance
as the depression 1110 is made deeper and has greater fluid flow resistance as the depression
1110 is made shallower. A shallower depression 1110 does not stretch the sealing layer
portion 1130 as much as a deeper depression 1110 and, thus, a shallower depression 1110
provides more resistance to fluid flow. In embodiments, a fluidic network of a microfluidic
cartridge includes frangible seals 1100 having different fluid flow resistances.

[66] For instance, the fluidic network can have frangible seals 1100 that have two
different fluid flow resistances. A depression 1110 having a depth of about 2 um to about 75
um can be used to form frangible seals 1100 that have sufficient fluid flow resistance to
border reagent reservoirs to protect against reagent solution from entering other portions of
the fluidic network in the course of loading reagents or operating the microfluidic cartridge
until the frangible seals 1100 are intentionally broken by pressure applied by a pressure
module. A depression 1110 having a depth of about 2 um to about 75 um can be used to

form a frangible seal 1100 having a greater fluid flow resistance. The frangible seal 1100 of
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greater fluid flow resistance can be used in places along the fluidic network where another
actuation feature under the control of the pressure module, such as a reusable actuation
feature (e.g., a valve), is in close proximity to the location for the frangible seal 1100 of
greater fluid flow resistance.A frangible seal 1100 of greater fluid flow resistance is provided
in such places to protect against inadvertent seal breakage during operation of the actuation
feature.

[67] During operation of the microfluidic cartridge, the frangible seal 1100 can
be broken by providing positive or negative pressure of sufficient force through the fluidic
channel 1120. Such pressure can cause the sealing layer portion 1130 to detach from the base
of the depression 1110. One detached, the sealing layer portion 1130 does not normally
reattach to the depression 1110 once pressure is removed. Thus, once broken, the frangible
seal 1100 is not automatically reconstituted and represents a one-time actuation feature of the
microfluidic cartridge.

[68] Fig. 12 shows a schematic of an exemplary microfluidic cartridge 1200 that
combines various features for nucleic acid extraction, nucleic acid amplification, and nucleic
acid separation. The microfluidic cartridge 1200 includes four identical nucleic acid analysis
portions 1210, in which a biological sample can be analyzed. Accordingly, the nucleic acid
analysis may be performed on four different biological samples in parallel or in tandem. In
other embodiments, the microfluidic cartridge 1200 can include more or less nucleic acid
analysis portions and may only contain a single nucleic acid analysis portion 1210. However,
the incorporation of more than one nucleic acid analysis portion 1210 on a microfluidic
cartridge 1200 can improve efficiency and/or convenience. Of course, different biological
samples can be individually analyzed in the nucleic acid analysis portions 1210.
Alternatively, a biological sample can be divided and nucleic acid analysis performed more
than once on the same biological sample. Such redundancy can improve accuracy. Further,
there is no requirement that all nucleic acid analysis portions 1210 are identical as, for
example, nucleic acid analysis portions 1210 on the microfluidic cartridge 1200 can be
configured to perform different types of nucleic acid analyses. Alternatively, the individual
nucleic acid analysis portions 1210 may be used to perform analyses on unknown samples,
positive control samples, negative control samples, or any combination thereof. For instance,
a first nucleic acid analysis portion 1210 can be used to analyze an unknown sample and a
second nucleic acid analysis portion 1210 can be used to analyze an allelic ladder.

[69] Figs. 13 and 14 show top view and bottom view schematics, respectively, of

an exemplary nucleic acid analysis portion 1210 of the microfluidic cartridge 1200 shown in
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Fig. 12. As shown, the nucleic acid analysis portion 1210 includes nucleic acid extraction
features. Specifically, the nucleic acid analysis portion 1210 includes a sample input 1211
configured to be fluidically coupled to a sample acceptor (not shown). The sample input

1211 is in fluid communication with an extraction mixture reservoir 1212. In this
embodiment, the extraction mixture reservoir 1212 has a J-shape. In embodiments, the
extraction mixture reservoir 1212 can hold from 5 pl to 500 pl of fluid, such as from 50 pl to
300 pl of fluid. In one embodiment, the extraction mixture reservoir 1212 holds about 225 ul
of fluid. In other embodiments, the extraction mixture reservoir 1212 can be of a different
shape and/or sized to hold more or less fluid. The extraction mixture reservoir 1212 is
configured to hold the enzymatic mixture for nucleic acid extraction. The enzymatic mixture
can be loaded into the extraction mixture reservoir 1212 through filling port 1213. Gas (e.g.,
air) that is displaced during loading can exit through port 1269 by way of fluidic channel
1270. Alternatively, the enzymatic mixture reservoir 1212 can be pre-loaded and sealed with
the enzymatic mixture. A vent port 1214is in fluid communication with the extraction
mixture reservoir 1212 through a fluidic channel 1215, a chamber 1216, and a fluidic channel
1217. The vent port 1214is configured to be coupled to a pressure module of a nucleic acid
analyzer to effectuate hydrodynamic movement. A seal 1218is included at one end of the
extraction mixture reservoir 1212 to prevent the extraction mixture from entering the channel
1215, the chamber 1216, and the channel 1217. The seal 1218 can be a non-reusable or
reusable seal. For example, the seal 1218is a frangible seal.

[70] During operation, the combination of the extraction mixture reservoir 1212,
the sample input 1211, and the sample acceptor (not shown) are used to perform nucleic acid
extraction. A pressure module can be configured to provide positive and/or negative pressure
to the extraction mixture reservoir 1212 through the channel 1215, the chamber 1216, and the
channel 1217. Providing pressure to the extraction mixture reservoir 1212 breaks the seal
1218. Under hydrodynamic control of the pressure module, the enzymatic mixture in the
extraction mixture reservoir 1212 and a biological sample in the sample acceptor are
contacted and mixed to effectuate nucleic acid extraction. Additionally, an extraction thermal
module of a nucleic acid analyzer can be used to heat the enzymatic mixture/biological
sample during extraction and to inactivate the enzymes in the enzymatic mixture at the
completion of nucleic acid extraction. Upon completion of nucleic acid extraction, the
resulting extracted nucleic acid mixture is provided in the extraction mixture reservoir 1212

for further processing. One or more fluidic channels (e.g., 1219) branch from the extraction
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mixture reservoir 1212 to deliver the sample (or one or more portions thereof) to other
features of the nucleic acid analysis portion 1210 of the microfluidic cartridge 1200.

[71] As further shown, the nucleic acid analysis portion 1210 includes nucleic
acid amplification features. The fluidic channel 1219 branches from the extraction mixture
reservoir 1212. The fluidic channel 1219 continues to a valve 1220. From valve 1220, an
aliquot channel 1221 runs to a vent port 1222. The valve 1220 and a vent port 1222 can be
operably coupled to a pressure module of a nucleic acid analyzer. During extraction, the
valve 1220 can be opened or closed. Another fluidic channel 1223 exits the valve 1220 and
is in fluid communication with a first amplification reagent reservoirl224. Through a
connecting fluidic channel 1225, the first amplification reagent reservoir1224 is in fluid
communication with a second amplification reagent reservoir1226. In other embodiments,
the nucleic acid analysis portion 1210 has a single amplification reagent reservoir and, in
other embodiments, has more than two amplification reagent reservoirs. The first and second
amplification reagent reservoirs 1224, 1226 hold reagents necessary for performing nucleic
acid amplification. The amplification reagents are provided to the first and second
amplification reagent reservoirs 1224, 1226 through filling ports 1227, 1228 and fluidic
channels 1271, 1272, respectively, in fluid communication with off-cartridge stores of
amplification reagents. Ports 1229 and 1230 and fluidic channels 1273, 1274 are respectively
used to vent air during filling of the first and second amplification reagent reservoirs 1224,
1226. Alternatively, the amplification reagent reservoirs 1224, 1226 can be pre-loaded and
sealed with the amplification reagents. As an example, the first and second amplification
reagent reservoirs 1224, 1226 respectively hold a DNA polymerase solution and a solution of
primers and nucleotides (or vice versa). Through a connecting fluidic channel 1231, the
second amplification reagent reservoirl226 is in flutd communication with a mixing chamber
1232. A vent port 1233 is in fluid communication with the mixing chamber 1232 through a
fluidic channel 1234, a chamber 1235, and a fluidic channel 1236. The vent port 1233is
configured to be coupled to a pressure module of a nucleic acid analyzer to effectuate
hydrodynamic movement.Through another connecting fluidic channel 1242, the mixing
chamber 1232 is in fluid communication with an amplification chamber 1243.

[72] Actuation features are provided along the fluidic network of the nucleic acid
analysis portion 1210 of the microfluidic cartridge 1200. For instance, actuation features can
be provided along the portion of the fluidic network including the extraction mixture
reservoir 1212, the valve 1220, the first and second amplification reagent reservoirs 1224,

1226, and the mixing chamber 1232. The actuation features can be one-time (non-reusable)
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actuation features, such as frangible seals, which may be of different strengths. As shown, a
frangible seal 1237 is provided in the fluidic channel 1219 between the extraction mixture
chamber 1212 and the valve 1220. Another frangible seal 1238 is provided in the fluidic
channel 1223 between the valve 1220 and the first amplification reagent reservoir1224. Two
frangible seals 1239, 1240 are provided in the fluidic channel 1225 between the first and
second amplification reagent reservoirs 1224, 1226. A frangible seal 1241 is also provided in
the fluidic channel 1231 between the second amplification reagent reservoir1226 and the
mixing chamber 1232. In an embodiment, the frangible seal 1238 between the valve 1220
and the first amplification reagent reservoir1224 requires more force to break (i.e., has a
greater fluid flow resistance) than the remaining frangible seals.

[73] During operation, the combination of the first and second amplification
reagent reservoirs 1224, 1226, the mixing chamber 1232, and the amplification chamber
1243are used to perform nucleic acid amplification on a portion of the extracted nucleic acid
mixture in the extraction mixture reservoir 1223. The vent port 1222 is coupled to a pressure
module of a nucleic acid analyzer. A portion of the extracted nucleic acid mixture is moved
from the extraction mixture reservoir 1212 to the aliquot channel 1221. The aliquot channel
1221 can be dimensioned to hold the desired amount of the extracted nucleic acid mixture to
be provided to the mixing chamber 1232. To move such a portion of the extracted nucleic
acid mixture to the aliquot channel 1221, the valve 1220 is opened and the extracted nucleic
acid mixture portion is moved (by operation of the pressure module) along the fluidic channel
1219 and through valve 1220. Frangible seal 1237 is broken in the process. As a result, the
extracted nucleic acid portion in the aliquot channel 1221 and the respective amplification
reagents in the first and second amplification reagent reservoirs 1224, 1226 are separated by
the valve 1220 and the frangible seals 1238, 1239, 1240, 1241. Thus, the extracted nucleic
acid portion in the aliquot channel 1221, the amplification reagents in the first amplification
reagent reservoir1224, and the amplification reagents in the second amplification reagent
reservoir1226, are separated as discrete liquid volumes. To move the extracted nucleic acid
mixture portion volume and the amplification reagent volumes, the frangible seals 1238, 1239,
1240, 1241 are broken under force of the pressure module, and the discrete volumes, in which
air separates the discrete volumes, are moved to the mixing chamber 1232.

[74] Further, during operation, the extracted nucleic acid mixture portion and the
amplification reagents are mixed in the mixing chamber 1232 to obtain an amplification
mixture. During mixing, gas can be vented from a gas vent portion of the mixing chamber

1232 to the environment outside the microfluidic cartridge 1200. After mixing, an

22



WO 2013/126714 PCT/US2013/027341

amplification mixture is present in the mixing chamber 1232. A portion of the amplification
mixture can be provided to the amplification chamber 1243 (by operation of the pressure
module) for nucleic acid amplification. In an embodiment, the amplification chamber 1243 is
thermal cycled by an amplification thermal module of a nucleic acid analyzer in order to
perform PCR. Upon completion of amplification, an amplified nucleic acid mixture is
present in the amplification chamber 1243 for further processing. The amplified nucleic acid
mixture can cdntain a mixture of nucleic acid fragments of different size.

[75] As shown, the nucleic acid analysis portion 1210 of the exemplary
microfluidic cartridge 1200 includes nucleic acid separation features. An internal control
reservoirl244is configured to hold an internal control solution for providing an internal
control during nucleic acid separation. In embodiments, the internal control solution includes
an internal lane standard (ILS). Formamide can also be included to denature nucleic acids in
the amplified nucleic acid mixture to facilitate nucleic acid separation. The internal lane
control solution is provided to the internal control reservoir1244 through filling port 1245 and
fluidic channel 1275 and air can be vented through fluidic channel 1276 and port 1246.
Alternatively, the internal control reservoir1244 can be pre-loaded and sealed with the
internal control solution. Frangible seals 1247, 1248are provided at opposite ends of the
internal control reservoir1244. A fluidic channel 1249 including frangible seal 1247 extends
to a vent port 1250. The vent port 1250 is configured to be coupled to a pressure module of a
nucleic acid analyzer to effectuate hydrodynamic movement. The internal control
reservoir1244 is in fluid communication with the amplification chamber 1243 through a
fluidic channel 1251 (including frangible seal 1248) that merges with the fluidic channel
1242. The amplification chamber 1243 is fluidically connected to a valve 1252 through a
fluidic channel 1253. In use, the valve 1252is operably coupled to a pressure module of a
nucleic acid analyzer. Another fluidic channel 1254 connects the valve 1252 to a sample
reservoir 1255. The sample reservoir 1255 is in fluid communication with a vent port 1256
through fluidic channel 1257. The vent port 1256 is configured to be coupled to a pressure
module of a nucleic acid analyzer to effectuate hydrodynamic movement.

[76] The nucleic acid analysis portion 1210 further includes a separation channel
1258, a sieving polymer reservoir 1259, a solution reservoir 1260, and a waste reservoir 1261.
The sieving polymer reservoir 1259 can be designed to be of any suitable shape. As shown,
the sieving polymer reservoir 1259has more than one bend. As other examples, the sieving
polymer reservoir 1259 can have no bends or a single bend, such as to be substantially U-

shaped. The sieving polymer reservoir 1259 is in fluid communication with vent port 1277
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through fluidic channel 1278. The vent port 1277 is configured to be operably coupled to a
pressure module of a nucleic acid analyzer. The waste reservoir 1261 is in fluid
communication with vent port 1279, which is configured to be operably coupled to a pressure
module of a nucleic acid analyzer, through fluidic channel 1280. The solution reservoir 1260
has a fluidic channel 1262 exiting the solution reservoir 1260 that merges into a first end of
the separation channel 1258. The second end of the separation channel 1258 is in fluid
communication with the sieving polymer reservoir 1259. A fluidic channel 1263 runs from
the sample reservoir 1255 to the waste reservoir 1261. The fluidic channel 1263 can be more
constricted (narrow) than other fluidic channels of the nucleic acid analysis portion 1210 to
provide reduced volumes to the separation channel 1258. The separation channel 1258 can
also be more constricted (narrow) to use reduced volumes for more effective and/or efficient
separation. The fluidic channel 1263 intersects the separation channel 1258. Such
intersection is at the portion in which the fluidic channel 1262 from the solution reservoir
1260 merges with the separation channel 1258. As shown, the intersection forms a T-
junction 1264.

[77] The nucleic acid analysis portion 1210 also includes electrodes 1265, 1266,
1267, 1268. The electrode 1265 borders the sample reservoir 1255 and the electrode 1266
borders the waste reservoir 1261. The electrode 1267 borders the solution reservoir 1260 and
the electrode 1268 borders the sieving polymer reservoir 1259. A high voltage module of a
nucleic acid analyzer is operably coupled to the electrodes 1265, 1266, 1267, 1268 to apply
high voltages to the nucleic acid analysis portion 1210. The electrodes 1265, 1266are used to
perform electro-kinetic injection and the electrodes 1267, 1268are used to perform
electrophoretic separation of nucleic acids. As compared to the voltage applied across
electrodes 1265, 1266 to perform electro-kinetic injection, a higher voltage can be applied
across electrodes 1267, 1268 to perform electrophoretic separation. The separation channel
1258 can include a detection region. In use, the detection region can be operably coupled to a
detection module of a nucleic acid analyzer.

[78] During operation, the separation channel 1258 is used to separate nucleic
acid fragments in an amplified nucleic acid mixture. Before separation, a sieving polymer
solution is provided from the sieving polymer reservoir 1259 to the separation channel 1258.
In the separation channel 1258, the sieving polymer forms a sieving polymer matrix. The
internal control solution is provided from the internal control reservoir1244 to the
amplification chamber 1243 through the fluidic channels 1251, 1249. The frangible seals

1247, 1248 are broken in the process. The internal control solution and the amplified nucleic
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acid mixture are mixed as the internal control solution is provided to the amplification
chamber such that the internal control solution becomes part of the amplified nucleic acid
mixture. Then, the amplified nucleic acid mixture is moved from the amplification chamber
1243 to the sample reservoir 1255 through opening the valve 1252 and moving the amplified
nucleic acid mixture along the channels 1253, 1254. Valve opening and hydrodynamic
movement are effectuated by a pressure module of a nucleic acid analyzer.

[79] From the sample reservoir 1255, electro-kinetic injection is performed to
inject a portion (i.e., a plug) of the amplified nucleic acid mixture through the fluidic channel
1263 to the T-junction 1264 and into the separation channel 1258. In embodiments, because
of the small fluid volumes, it is difficult to determine the exact fraction of the amplified
nucleic acid mixture that is injected into the separation channel 1258. Voltage is applied to
the electrodes 1265, 1266 from a high voltage module of a nucleic acid analyzer in order to
perform electro-kinetic injection. At the T-junction 1264, the injected portion is mixed with a
solution supplied from the solution reservoir 1260 to the T-junction 1264 through the fluidic
channel 1262. The solution can be a dilution and/or buffer solution. Some of the amplified
nucleic acid mixture and/or solution may cross the T-junction 1264 and not enter into the
separation channel 1258. Such liquid is collected in the waste reservoir 1261.
Electrophoresis is performed in the separation channel 1258 to separate nucleic acid
fragments by size. Voltage is applied to the electrodes 1267, 1268 to generate an electric
field for performing electrophoretic separation of nucleic acids. The separated nucleic acid
fragments are detected in the detection region by a detection module of a nucleic acid
analyzer.

[80] As discussed above, the detection module can include an optical unit for
detecting labeled nucleic acid fragments. The optical unit can include a self-calibrating array
of confocal optical components. The self-calibrating optical unit can perform calibration in
conjunction with an alignment dye. Calibration can be performed before detection of the
separated nucleic acids and can be performed after the sieving polymer solution is provided
from the sieving polymer reservoir 1259 to the separation channel 1258. The alignment dye
can be loaded into the sieving polymer reservoir 1259 with the sieving polymer solution and
provided to the separation channel 1258 before nucleic acid separation is performed. The
self-calibrating optical module, under control of the controller module, can scan the detection
region of the separation channel 1258 for the most optimal signal from the alignment dye and
the system can be adjusted to accept a maximum intensity. The alignment dye can absorb and

emit light at wavelengths optically distinct from one or more labels or dyes used to label the
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nucleic acids to be separated. As examples, the alignment dye can be a fluorescent dye, a
high-wavelength dye, an infrared dye, an ultraviolet dye, or a sub-ultraviolet dye.

[81] Fig. 15 shows a flow chart outlining an exemplary process 1500 for using a
nucleic acid analyzer to perform nucleic acid analysis. The process starts at S1505 and
finishes at S1560.

[82] At S1510, the nucleic acid analyzer is connected to (e.g., plugged into) a
main power supply. In an embodiment, the main power supply canbe a 110 V, 50 Hz, AC
power supply, or can be a 220 V, 60 Hz, AC power supply. The power module can convert
the main power supply to a plurality of operation powers and provide the plurality of
operation powers to various modules/components of the nucleic acid analyzer. Then, the
process proceeds to S1515.

[83] At S1515, the user starts up a user control interface. For example, the user
turns on a computing module to start a software package that interacts with the user and a
controller module. The software package enables the computing module to provide a user
control interface on a display. Further, the software package enables the computing module
to receive user instructions via a user input device, such as a touchscreen, keyboard, or mouse.
The software package can also enable the computing module to communicate with a
controller module. Then, the process proceeds to S1520.

[84] At S1520, the user instructs the nucleic acid analyzer to initialize. The user
control interface receives the initialization instructions and the software package enables the
computing module to send the initialization instructions to the controller module. The
controller module can then initialize the various components of the nucleic acid analyzer.
For example, the controller module can power on the various components, check the status,
and reset the status if needed. Then, the process proceeds to S1525.

[85] At S1525, the user inserts the microfluidic cartridge (optionally already
coupled to a sample acceptor) in the nucleic acid analyzer. The interface components can
suitably couple the microfluidic cartridge to other components of the nucleic acid analyzer.
Then, the process proceeds to S1530.

[86] At S1530, the nucleic acid analyzer can identify the biological sample. In an
example, the nucleic acid analyzer includes a radio frequency identification (RFID) reader or
a barcode reader that can read an RFID tag or barcode on the sample acceptor for identifying
the biological sample. Then, the process proceeds to S1535.

[87] At S1535, nucleic acid extraction can be performed. The resulting extracted

nucleic acid mixture is received in the extraction mixture chamber of a nucleic acid analysis
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portion of the microfluidic cartridge for further processing. Then, the process proceeds to
S1540.

[88] At S1540, nucleic acid analysis can be started. The user can instruct the
nucleic acid analyzer to further process the extracted nucleic acid mixture or the nucleic acid
analyzer can automatically begin further processing of the extracted nucleic acid mixture.
The controller module can perform a control procedure for nucleic acid analysis. In an
example, the controller module performs a short tandem repeat (STR) typing procedure
corresponding to a multiplexed STR typing analysis. In another example, the controller
module performs a sequencing procedure corresponding to a nucleic acid sequencing analysis.
Then, the process proceeds to S1545.

[89] At S1545, the user waits and can monitor the status of the nucleic acid
analysis. The control procedure can specify sequences and timings of control signals to
various components of the nucleic acid analyzer to perform the nucleic acid analysis process.
Then, the controller module automatically sends the control signals according to the
sequences and the timings specified in the control procedure. In addition, the controller
module receives status and feedback signals from the various components and sends them to
the computing module. The computing module can then provide the analysis status for the
user to monitor. Then, the process proceeds to S1550.

[90] At S1550, the on-cartridge nucleic acid analysis process can be completed.
The controller module can finish executing the control procedure and can send an analysis-
completed status to the computing module. Data generated upon completion of the nucleic
acid analysis can be made available for post-data processing. The computing module can
inform the user of the analysis-completed status via the user control interface. Then, the
process proceeds to S1555.

[91] At S1555, post-data processing can be performed. For example, the user can
instruct that the nucleic acid analysis data be stored and/or transmitted to a remote receiver.
In addition, the user may start a software package for post-data processing. Alternatively, the
software package for post-data processing can be suitably integrated with the control
procedure. Thus, after the control procedure is successfully executed, the software package
for post-data processing is automatically executed to perform post-data processing. Then, the
process terminates at S1560. In embodiments, steps of the process may be repeated. For
instance, any of S1525-1555 can be performed multiple times using a different microfluidic
cartridge. Any of S1530-S1555 can be performed multiple times using a different nucleic

acid analysis portion on the same microfluidic cartridge.
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[92] Fig. 16 shows a flow chart outlining an exemplary on-cartridge process 1600
for a microfluidic cartridge operably coupled to a nucleic acid analyzer. The process starts at
S1605 and proceeds to S1635. At S1605, nucleic acid analysis is initiated. The microfluidic
cartridge can be operably coupled to a sample acceptor as well as to the nucleic acid analyzer.
The sample acceptor can hold a biological sample for analysis. Then, the process proceeds to
S1610.

[93] At S1610, nucleic acids are extracted from the biological sample to provide
an extracted nucleic acid mixture within the microfluidic cartridge. The biological sample
can be presented for extraction by the sample acceptor. The biological sample can be
contacted with an enzymatic mixture from an extraction mixture reservoir to extract nucleic
acids from the biological sample. Extraction can be performed at a first temperature. A
second higher temperature can be applied to inactivate enzymes in the enzymatic mixture to
conclude nucleic acid extraction. After extraction, the extracted nucleic acid mixture can be
held in the extraction mixture reservoir. Then, the process proceeds to S1615.

[94] At S1615, the extracted nucleic acid mixture (or a portion thereof) is mixed
with amplification reagents in a mixing chamber of the microfluidic cartridge. The extracted
nucleic acid mixture (or portion thereof) can be provided to the mixing chamber, along with
the amplification reagents, using the fluidic network of the microfluidic cartridge. The
extracted nucleic acid mixture (or portion thereof) and the amplification reagents can be
mixed in the mixing chamber to obtain an amplification mixture. During mixing, gas can be
vented from the mixing chamber. Then, the process proceeds to S1620.

[95] At S1620, template nucleic acid regions (sequences) of the nucleic acids in
the amplification mixture are amplified in an amplification chamber of the microfluidic
cartridge to obtain an amplified nucleic acid mixture. The amplification mixture can be
provided to the amplification chamber using the fluidic network of the microfluidic cartridge.
In the amplification chamber, the amplification mixture is placed under reaction conditions to
amplify template nucleic acid sequences. In an embodiment, the amplification chamber is
used to perform PCR. To perform PCR, the amplification chamber is thermal cycled. During
amplification, the amplified nucleic acids can be tagged with labels, such as fluorescent
labels. Then, the process proceeds to S1625.

[96] At S1625, nucleic acid fragments in the amplified nucleic acid mixture are
separated in a separation channel of the microfluidic cartridge to obtain separated nucleic
acid fragments. A portion of the amplified nucleic acid mixture can be provided to the

separation channel through the fluidic network of the microfluidic cartridge. Before being
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providing to the separation channel, the portion of amplified nucleic acid mixture can be
mixed with one or more solutions, such as an internal control, dilution, and/or buffer
solutions. A solution can include an ILS and may include an intercalating dye if the nucleic
acid fragments have not been previously labeled. A solution can reduce the ionic strength of
the amplified nucleic acid mixture portion. Once the portion of the amplified nucleic acid
mixture is provided to the separation channel, the nucleic acid fragments are separated as
they migrate along the length of the separation channel. In an embodiment, nucleic acid
separation is performed by DNA electrophoresis such that the DNA fragments are separated
by size. An electric field induces the DNA fragments to migrate along the length of the
separation channel. The process then proceeds to S1630.

[97] At S1630, the separated nucleic acid fragments are detected within a
detection region of the separation channel of the microfluidic cartridge as the nucleic acid
fragments pass through the detection region in order to generate nucleic acid analysis data for
further processing by the nucleic acid analyzer. The nucleic acid fragments can be detected
by a detection module of the nucleic acid analyzer. The detection region of the microfluidic
cartridge can include a detection window that enables detection of the nucleic acid fragments.
Fluorescent molecules associated with the nucleic acid fragments can be excited by a laser
beam emitted from a laser source unit of the detection module. In an embodiment, the
nucleic acid fragments are labeled for multicolor fluorescence detection. A set of optics of
can collect and direct the fluorescent signals to a detection unit of the detection module. The
detection unit can convert the detected fluorescence into data for processing by a controller
module. Then, the on-cartridge process terminates at S1635.

[98] While the invention has been described in conjunction with the specific
exemplary embodiments thereof, it is evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art. Accordingly, exemplary embodiments
of the invention as set forth herein are intended to be illustrative, not limiting. There are

changes that may be made without departing from the spirit and scope of the invention.
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[99]
WHAT IS CLAIMED IS
1. A microfluidic cartridge, comprising:
at least one nucleic acid analysis portion, each nucleic acid analysis portion
including:

a fluidic network defined within the nucleic acid analysis portion, the fluidic
network being configured for micro-liter volumes or less;

a sample input at a beginning of the fluidic network, the sample input having a
fitting that is configured to be mated to a complementary fitting of a sample acceptor to form
a fluid-tight seal;

a plurality of vent ports and fluidic channels in the fluidic network configured
to effectuate hydrodynamic movement within the fluidic network;

an extraction mixture reservoir in the fluidic network, the extraction mixture
reservoir being configured to hold an enzymatic mixture for performing nucleic acid
extraction on a sample provided by the sample acceptor;

a mixing chamber in the fluidic network, the mixing chamber being
configured to mix amplification reagents and a portion of an extracted nucleic acid mixture;
and

an amplification chamber in the fluidic network, the amplification chamber
being configured to hold an amplification mixture during nucleic acid amplification.

2. The microfluidic cartridge of claim 1, wherein at least a major portion of the
microfluidic cartridge is covered by a sealing layer.

3. The microfluidic cartridge of claim 1, wherein the fluidic network comprises a
separation channel configured to separate nucleic acid fragments.

4. The microfluidic cartridge of claim 1, wherein the fluidic network includes a
plurality of frangible seals.

5. The microfluidic cartridge of claim 4, wherein the plurality of frangible seals
include at least one frangible seal that has greater fluid flow resistance than other frangible

seals.
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6. The microfluidic cartridge of claim 4, wherein at least one frangible seal is
formed from a portion of a sealing layer attached to a base of a depression in the fluidic
network.

7. The microfluidic cartridge of claim 1, wherein the sample input has a
universal connector selected from the group consisting of Luer-Lok connectors, threaded
connectors, and flanged connectors.

8. The microfluidic cartridge of claim 1, wherein the extraction mixture reservoir
is configured to hold from 5 pl to 500 ul of fluid.

9. The microfluidic cartridge of claim 8, wherein the extraction mixture reservoir
is configured to hold from 5 pl to 250 pl of fluid.

10. The microfluidic cartridge of claim 1, wherein the fluidic network includes at
least one reagent reservoir configured to hold a reagent solution, the reagent reservoir being
in fluid communication with bypass fluidic channels for loading the reagent solution in the
reagent reservoir and being in fluid communication with fluidic channels that have frangible
seals to block the reagent solution from entering or prematurely entering other portions of the
fluidic network.

11.  The microfluidic cartridge of claim 1, further comprising an amplification
reagent reservoir in the fluidic network, the amplification reagent reservoir being configured
to hold amplification reagents for performing nucleic acid amplification.

12.  The microfluidic cartridge of claim 11, wherein more than one amplification
reagent reservoir is in the fluidic network.

13. The microfluidic cartridge of claim 1, wherein a portion of the fluidic network
is configured to move amplification reagents and the portion of the extracted nucleic acid
mixture into the mixing chamber in discrete volumes through serial fluid communication.

14.  The microfluidic cartridge of claim 13, wherein the portion of the fluidic
network includes one-time actuation features.

15.  The microfluidic cartridge of claim 14, wherein the one-time actuation
features are frangible seals.

16.  The microfluidic cartridge of claim 1, wherein the mixing chamber includes a
liquid mixing portion and a gas vent portion.

17.  The microfluidic cartridge of claim 16, wherein the liquid mixing portion is
below the gas vent portion.

18.  The microfluidic cartridge of claim 16, wherein the mixing chamber has a

surface including a hydrophobic portion.
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19. The microfluidic cartridge of claim 1, further comprising an internal control
reservoir in the fluidic network, the internal control reservoir being configured to hold an
internal control solution for providing an internal control during nucleic acid separation.

20. The microfluidic cartridge of claim 19, wherein the internal control solution
includes an internal lane standard (ILS).

21.  The microfluidic cartridge of claim 1, further comprising a sieving polymer
reservoir in fluid communication with the separation channel, the sieving polymer reservoir
being configured to hold a sieving polymer solution and to provide the sieving polymer
solution to the separation channel.

22. The microfluidic cartridge of claim 21, wherein the sieving polymer solution
comprises an alignment dye for calibrating a detection module of a nucleic acid analyzer.

23.  The microfluidic cartridge of claim 21, further comprising a solution reservoir
in fluid communication with the separation channel.

24.  The microfluidic cartridge of claim 23, wherein the solution reservoir is
configured to hold a dilution and/or buffer solution and/or urea and/or dimethyl-formamide
(DMF) in water.

25. The microfluidic cartridge of claim 1, wherein the separation channel includes
a detection region configured to enable laser beam detection of separated nucleic acids.

26.  The microfluidic cartridge of claim 1, wherein the sample acceptor includes an
input-matable portion, an acceptor portion, and a detachable portion for collecting a
biological sample containing a minimum of 100 cells.

27. A nucleic acid analyzer, comprising:

a microfluidic cartridge module configured to accept at least one microfluidic
cartridge of claim 1;

a pressure module configured to be coupled to the plurality of vent ports to
effectuate hydrodynamic movement within the fluidic network of the microfluidic cartridge;

an extraction thermal module configured to impart temperatures to any of the
microfluidic cartridge and the sample acceptor during nucleic acid extraction;

an amplification thermal module configured to impart temperatures to the
microfluidic cartridge during nucleic acid amplification;

a high voltage module configured to apply high voltages on the microfluidic
cartridge;

a power module configured to provide operation powers to the nucleic acid
analyzer;
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a detection module configured to detect labeled or dyed nucleic acids; and

a controller module configured to control the pressure module, the extraction
thermal module, the amplification thermal module, the high voltage module, the power
module, and the detection module according to a control procedure.

28.  The nucleic acid analyzer of claim 27, wherein the pressure module is
configured to break one or more frangible seals in the fluidic network and/or actuate one or
more valves of the microfluidic cartridge during nucleic acid analysis.

29. The nucleic acid analyzer of claim 27, wherein the pressure module 1s
configured to provide pneumatic positive and/or negative pressure.

30.  The nucleic acid analyzer of claim 27, wherein the pressure module includes a
hydrodynamic pressure/vacuum system.

31. The nucleic acid analyzer of claim 27, wherein the pressure module includes a
solenoid manifold.

32. The nucleic acid analyzer of claim 27, wherein the extraction thermal module
is configured to heat the sample acceptor by contact heating.

33.  The nucleic acid analyzer of claim 27, wherein the amplification thermal
module includes a non-contact heating unit and a temperature sensing unit.

34. The nucleic acid analyzer of claim 33, wherein the non-contact heating unit
includes an infrared light source.

35.  The nucleic acid analyzer of claim 33, wherein the temperature sensing unit
includes an infrared pyrometer to measure temperature of a portion of the microfluidic
cartridge.

36.  The nucleic acid analyzer of claim 27, wherein the detection module
comprises:

a laser source unit configured to emit a laser beam;

a detector unit configured to detect fluorescence; and

an optical unit configured to direct the laser beam to the separation channel to
excite fluorescent molecules to emit fluorescence and to then direct fluorescence to the
detector unit for detection.

37. The nucleic acid analyzer of claim 36, wherein the optical unit includes a self-
calibrating array of confocal optical components configured to perform calibration in
conjunction with an alignment dye.

38. The nucleic acid analyzer of claim 27, further comprising a computing module

operationally coupled to the controller module, the computing module having a user interface.
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39. A method for performing nucleic acid analysis, comprising:
contacting an enzymatic mixture from an extraction mixture reservoir of a
microfluidic cartridge with a biological sample collected with a sample acceptor to obtain an
extracted nucleic acid mixture;
mixing a portion of the extracted nucleic acid mixture with amplification
reagents in a mixing chamber of the microfluidic cartridge to obtain an amplification mixture;
amplifying template nucleic acid regions of nucleic acids in the amplification
mixture in an amplification chamber of the microfluidic cartridge to obtain an amplified
nucleic acid mixture;
separating nucleic acid fragments in a portion of the amplified nucleic acid
mixture in a separation channel of the microfluidic cartridge; and
detecting the separated nucleic acid fragments within a detection region of the
separation channel of the microfluidic cartridge to generate nucleic acid analysis data for
subsequent processing by a nucleic acid analyzer.
40.  The method of claim 39, wherein a minimal amount of biological material in

the biological sample is 100 cells.

41. The method of claim 39, wherein the enzymatic mixture has a volume of from
25 ul to 500 pl.
42. The method of claim 39, wherein the portion of the extracted nucleic acid

mixture has a volume of from 1 pl to 50 pl

43. The method of claim 39, wherein a total volume of the portion of the extracted
nucleic acid mixtureand amplification reagents is from 1 pl to 100 pl.

44.  The method of claim 39, wherein the amplification mixture in the
amplification chamber has a volume from 100 pl to 5 pl.

45.  The method of claim 39, wherein the enzymatic mixture is a liquid-phase
enzymatic mixture.

46. The method of claim 45, wherein the liquid-phase enzymatic mixture
submerges the biological sample presented on a sample collection portion of the sample
acceptor.

47.  The method of claim 46, wherein nucleic acid extraction is performed at a first
temperature and enzymes in the liquid-phase enzymatic mixture are inactivated at a second
higher temperature to complete nucleic acid extraction and, after completion, the extracted
nucleic acid mixture is moved from the sample acceptor into the extraction mixture reservoir

of the microfluidic cartridge.
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48.  The method of claim 39, further comprising providing a sieving polymer
solution mixed with an alignment dye from a sieving polymer reservoir to the separation

channel before separating the nucleic acid fragments.

49. The method of claim 48, further comprising calibrating a detection module of
the nucleic acid analyzer before separating the nucleic acid fragments.

50. The method of claim 39, further comprising mixing the portion of the

amplified nucleic acid mixture with an internal control solution before separating the nucleic

acid fragments.

51. The method of claim 50, wherein the internal control solution includes an

internal lane standard (ILS).

52. The method of claim 39, wherein the nucleic acid fragments are separated in

the separation channel by electrophoresis.

53. The method of claim 39, wherein the separated nucleic acid fragments are

detected by multicolor fluorescence detection.
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